INTRODUCTION
In 1994, the discharges of 99 Tc from the reprocessing plant at Sellafield, in the north-west of England, to the Irish Sea increased significantly due to the processing of a backlog of liquid waste through the Enhanced Actinide Removal Plant (EARP) at the site (Fig. 1) . The mean annual discharge of 99 Tc for the period 1994-1997 was approximately 30 times that for the period 1990-1993, with the peak in discharges occurring in 1995. , 1986-2006 The 99 Tc discharges from Sellafield were reduced in 2003 when new arisings of Medium Active Concentrate (MAC) waste were re-routed to the vitrification plant instead of being treated in EARP. Further reductions were achieved in 2004 when a new process using tetraphenylphosphonium bromide (TPP) was introduced in EARP to remove 99 Tc from existing MAC being treated at the plant.
In this study, the effects of these discharges on the 99 Tc activity concentrations in fish and shellfish and the committed effective doses to consumers of seafood landed at ports on the north-east coast of Ireland since 1990 are presented.
MATERIALS AND METHODS
Since 1996, 99 Tc activity concentrations have been routinely measured in fish and shellfish landed at major fishing ports, including Clogherhead and Carlingford on the north-east coast of Ireland, by the Radiological Protection Institute of Ireland (RPII). In addition, a number of fish and shellfish samples from the period 1990 to 1994 were analysed in order to establish pre-EARP baselines for the species studied. Technetium-99 activity concentrations in fish and shellfish were determined according to the method of Harvey et al., 1991 . Activity concentrations and 1σ uncertainties are expressed in Bq/kg, fresh weight.
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Shellfish
The mean annual 99 Tc activity concentrations in prawns (Nephrops norvegicus) landed at Clogherhead fishing port and wild mussels (Mytilus edulis) sampled at Carlingford between 1990 and 2008 are presented in Fig. 3 .
Prawns
The mean 99 Tc activity concentration in prawns for the pre-EARP period, 1990 to 1992, was 3.48 ± 1.91 Bq/kg. An increase in activity concentrations was observed in August 1994 which is consistent with the first increase observed in 99 Tc activity concentrations in the brown seaweed, Fucus vesiculosus, on the east coast of Ireland in an earlier study (Smith et al., 2001) 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2008 Year Mean 99 Tc activity conc. (Bq/kg, fresh wt.)
Prawns -Clogherhead Mussels -Carlingford Figure 3 . Mean annual 99 Tc activity concentrations in prawns and mussels, 1990-2008
Mussels
The mean 99 Tc activity concentration in mussels for the pre-EARP period, 1991 to 1994, was 4.58 ± 2.49 Bq/kg. An increase in activity concentrations was observed in 1995 and the highest concentration in an individual sample (53 ± 3 Bq/kg) was measured in May 1998. Unlike prawns, no decrease was observed in the 99 Tc activity concentrations until after 2005. This may be attributed to the fact that these wild mussels, which were collected on the seashore, contained sediment which would contribute to the overall 99 Tc activity concentration. The 99 Tc activity concentration in January 2008 was 16 ± 3 Bq/kg which is three times higher than the pre-EARP baseline (4.58 ± 2.49 Bq/kg).
Doses
The committed effective doses from 99 Tc to consumers of seafood were estimated by taking the mean activity concentrations in whiting, mussels and prawns as being representative of those in fish, molluscs and crustaceans, respectively. Notional estimates of the quantities eaten daily by "typical" and "heavy" consumers of seafood were taken from RPII monitoring reports (e.g. Smith et al., 2007) . Daily consumption rates of 40 g of fish and 5 g of shellfish for a typical consumer and 200 g of fish and 20 g of shellfish for a heavy consumer were used. Shellfish consumption was assumed to be divided equally between mussels and prawns. Dose conversion factors used were those recommended by ICRP 72 (ICRP, 1996) . Since no data was available for mussels in 2006 the value used (20 Bq/kg) was taken from RIFE, 2007 for mussels from Carlingford Lough. The committed effective doses to typical and heavy seafood consumers due to 99 Tc from 1991 to 2006 are presented in Fig. 4 .
On average, between 1991 and 2006, 90% of the dose due to 99 Tc is attributable to the consumption of shellfish, reflecting the significantly higher activity concentrations of 99 Tc in shellfish than in fish. The mean dose to both typical and heavy consumers for the period 1991 to 1993 is 0.006 and 0.025 µSv, respectively. The highest doses to both typical and heavy consumers (0.08 and 0.33 µSv, respectively) occurred in 1999 representing a 13-fold increase on the pre-EARP baseline doses. As expected, since 99 Tc activity concentrations in whiting, prawns and mussels had not returned to pre-EARP levels, the doses to both typical and heavy seafood consumers in 2006 (0.014 and 0.056 µSv, respectively) were greater than the baseline levels of the early 1990s by a factor of two. It is now known that 99 Tc behaves less conservatively in seawater than was previously thought (McCubbin et al., 2006) . Hence, although discharges of 99 Tc from Sellafield have returned to pre-EARP levels, contaminated sediments may become an important secondary source of 99 Tc in seafood in the future. 350 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2003 2004 2005 2006 Year Committed effective dose (µSv) Typical Heavy
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Committed effective dose to seafood consumers due to 99 Tc, 1991 99 Tc, -2006 In 2006 99 Tc accounted for approximately 15% of the total dose to Irish seafood consumers from all artificial sources of radioactivity in the Irish Sea (Smith et al., 2007) with 137 Cs continuing to be the dominant radionuclide accounting for approximately 70% of the dose.
